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Abstract
The thesis is entitled "Stereoselective Synthesis and Applications of b-Azidoalcohols" has been divided into three chapters. Chapter-I deals with synthesis of chiral building blocks for bioactive molecules and is subdivided into two sections. Section-A deals with the introduction to chirality - biological activity, azido alcohols and their applications in drug syntheses. Section-B deals with the enantioselective synthesis of optically active (S)-(+)-2-azido-1-aryl ethanols via oxazaborolidine-catalysed asymmetric borane reduction. Chapter-II deals with the biocatlytic approach for the preparation of enantiomerically pure chiral building blocks and is subdivided into two sections. Section-A deals with enantioselective synthesis of (R)-(-)-2-azido-1-aryl ethanols from 2-azido-1-aryl ethanones using baker's yeast. Section-B deals with the enantioselective synthesis of chiral building blocks via ketones reduction with Daucus carota root enzymes in aqueous medium. Chapter-III deals with the stereoselective synthesis of bioactive molecules using azido alcohols as chiral building blocks and is subdivided into three sections. Section-A deals with the stereoselective synthesis of (R)-(-)-denopamine, a drug for congestive heart failure. Section-B deals with the asymmetric synthesis of (R)-(-)-tembamide and (R)-(-) aegeline, hypoglycemic agents. Section-C deals with the chemo-enzymatic route for the synthesis of (R) & (S)-(E)-1-aminotridec-4-en-2-ols, antifungal agents. Chapter-I, Section-A : Chirality - biological activity, azidoalcohols and their application in drug syntheses Section-B : Enantioselective synthesis of optically active (S)-(+)-2-azido-1-aryl ethanols via oxazaborolidine-catalysed asymmetric borane reduction. An enantioselective synthesis of optically active 2-azido-1-aryl ethanols and their potential value as key intermediates for the synthesis of chiral 2-amino-1-aryl ethanol derivatives, which are of great significance as pharmaceuticals,1 natural products2 of plant, animal origin and useful catalysts in asymmetric catalysis have been well documented. Infact, 1,2-chiral azido alcohols have been prepared by the asymmetric ring opening of epoxides catalysed by chiral salen complexes and ring opening of chiral oxiranes using different metal azides in various expensive solvent systems. These classical ring opening methods seriously suffer from low yields, poor stereo-,regeo selectivity, isomerization polymerization and isolation problems of required isomers and lack of broad specificity.4 In view of the above observations, we have developed a new and practical method for the synthesis of enantiomerically pure (S)-(+)-2-azido-1-aryl ethanols from readily available acetophenones in three steps. In the first step, the acetophenones [1(a-j)] were brominated to get phenacyl bromides [2(a-j)] by using bromine in AcOH and tetrabutyl ammonium tribromide in the presence of dichloromethane-methanol solvent system. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a56_figureNO1.jpg" \t "_blank​) 
In the second step, the phenacyl bromides [2(a-j)] then treated with sodium azide in the presence of N-Methyl pyrrolidone solvent at 10-15?C, gave the corresponding 2-azido-1-aryl ketones [3(a-j)] in good yields. 
Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a56_figureNO2.jpg" \t "_blank​) 
After the synthesis of 2-azido-1-arylethanones we have studied the stereoselective reduction of 2-azido-1-arylethanones with in situ generated oxazaborolidine catalysed asymmetric borane reduciton method.5 Accordingly, we investigated with three chiral aminoalcohols6 4, 5, 6 which were prepared from the corresponding L-amino acids using reported procedure with modified protocol. 
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After the synthesis of optically pure amino alcohols initially, we investigated the reduction of a-azidoacetophenone [3a] with three oxazaborolidines [7, 8, 9] which were generated in situ by the addition of corresponding amino alcohols (0.1 eq) with excess of borane-dimethyl sulphide complex (1 eq) in THF at 40?C for 6 hrs. All these three catalysts provided the corresponding 2-azido-1-phenyl ethanol [10a] in good yield and with high enantiomeric excess as described in the Table 1. Among the catalysts examined, Corey's oxazaborolidine catalyst [9] provided excellent enantioselectivity approaching to 100% enantiomeric excess (ee).9 
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Based on the results obtained with Corey's oxazaborolidine catalyst [9], we performed the reduction of other a-azidoketons [3(b-j)] containing a variety of substituents at meta and para positions as well as bulky substrates like 2-naphthylazidoketones. All the 2-azido-1-arylethanols were obtained in in high enantiomeric excess. In all the cases examined, it is note worthy, to mention that, the product azidoalcohols [10(a-i)] obtained were consistently enriched in (S)-enantiomer except in the case of the thiophene azido alcohol. The stereochemical course of the reduction can be explained on the basis of formation of transition state [Fig.1], where the a-azidoketones are attacked on their Re-face to provide (S)-azido alcohols. The ee of the azido alcohols were determined by chiral HPLC analysis. 
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Chapter-II : Bio catalytic approach for the preparation of enantiomerically pure chiral building blocks. Section-A : Enantioselective synthesis of (R)-(-)-2-azido-1-aryl ethanols from 2-azido-1-aryl ethanones using baker's yeast. Asymmetric reduction of prochiral ketones by baker's yeast7 (Saccharomyces cerevisiae), which is readily available, inexpensive and possesses greater substrate specificity, regio-, stereoselectivity and enantioselectivity has been widely used in enantioselective synthesis of chiral alcohols. The stereospecific synthesis of 2-azido-1-arylethanols, which are key intermediates for many pharmaceutical products is of great importance. For most of the aryl ethanolamine drugs, the biological activity resides mainly in the (R)-enantiomer of the drugs.8 The aim of this work is to study the possibility of employing the baker's yeast reduction as a key step in the preparation of optically active (R)-arylethanolamine drugs. Initially, we investigated the reduction of a-azidoacetophenone [3a] with fermented baker's yeast in the presence of sucrose in aqueous medium (pH 6.5) at 30?C, which gave the corresponding (R)-azido alcohol 4a with 88% ee in 65% yield after 24 hours. 
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It was observed that, the fermentation yeast reduced a variety of para-substituted a-azido acetophenones [3(b-h)] to corresponding azidoalcohols [4(b-h)] in high yield and with excellent enantiomeric excess. All these 2-azido-1-aryl ethanols were found to have (R)-configuration by comparing when their specific rotations were compared with authentic samples. The abserved stereo chemistry could be explained on the basis of Prelog's rule in which the hydride is transferred to the Re-face of the a-azido aryl ketone with respect to the methyl azido group which is effectively smaller than the aryl group [Fig.1]. 
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All the products were confirmed by 1HNMR, Mass spectra and CHN analysis. The ee of the product alcohols were determined by chiral HPLC analysis. The configuration 2-azido-1-aryl-ethanol was established as (R)-configuration. Section-B : Enantioselective synthesis of chiral building blocks via reduction of ketones with Daucus carota root enzymes in aqueous medium. In recent years the use of biocatalysts i.e. enzymes or microorganisms, plant cell cultures and whole plant cells have been well recognized for the synthesis of chiral products.9 Among the plant cells, Daucus carota10 root enzymes have been considered suitable biochemical systems for the reduction of various prochiral ketones. The general feature for these reductions is well explained by Prelog's rule, which states that hydrogen transfer to the prochiral ketone always occurs from the Re-face (Scheme-1). Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a56_figureNO8.jpg" \t "_blank​) 
Where RL representing a large substituent, RS represents a small substituent adjacent to carbonyl group. Accordingly, for the first time, we have developed a simple and efficient method for the preparation of chiral alcohols from prochiral ketones reduction by Daucus carota root enzymes in aqueous media. a) Reduction of acetophenones: Different substituted acetophenones [1(a-h)] are reduced to optically active secondary alcohols [2(a-h)] with Daucus carota in aqueous medium. All the products were formed with high optical purity in good yields and have the (S)-configuration. 
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b) Reduction of cyclic ketones: Various substituted tetralones [3(a-c)] and indanone [3d] were reduced efficiently with Daucus carota root. All the product alcohols [4(a-d)] are formed in good yields with excellent enantioselectivity and the absolute configuration of these alcohols is found to be (S)-configuration. 
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d) Reduction of 2-azido-1-aryl ketones: We investigated the reduction of different substituted azidoketones [9(a-i)] with Daucus carota and all the azidoketones were efficiently reduced to the corresponding azidoalcohols 10(a-i) in excellent yields with good enantioselectivity. All the products formed have the (R)-configuration except in the case of fury1, thienyl azidoalcohols and the ee of products were determined by chiral HPLC analysis. 
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e) Reduction of aliphatic ketones: It is difficult to obtain pure aliphatic secondary alcohols by the reduction of corresponding ketones by chemical methods. Different aliphatic ketones [11(a-f)] were reduced to optically active secondary alcohols [12(a-f)] in moderate yields with good enantioselectivity as compared to other chemical methods. 
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The structures of all these products were confirmed by 1HNMR spectral analysis and the enantiomeric excess of the products was determined by chiral HPLC and also by comparing with optical rotations. The absolute configuration of the alcohols was determined by comparing the sign of rotation. Chapter-III: Stereoselective synthesis of bioactive molecules using azido alcohols as chiral building blocks. Secito-A: Stereoselective synthesis of (R)-(-)-denopamine, a drug for congestive heart failure. Cardiovascular diseases are responsible for about 50% of premature deaths in western industrialized countries. Among the cardiovascular diseases, the most common and dreadful disease is the congestive heart failure, which is responsible for more than 5,00,000 deaths per year in United States.11 To combat the congestive heart failure aryl ethanol amine drugs were introduced, among them the (R)-denopamine12 [1] is found to be the best and a new b2-agonist, significantly for the treatment of congestive heart failure without promotion of increased myocardial oxygen consumption or heart rate. 
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Acylation of anisole [2] with chloroacetylchloride gave phenacyl chloride [3], which upon treatment with AlCl3 in CH2Cl2 afforded p-hydroxy phenacyl chloride [4]. The compound [4] was then converted to azido ketone [5] by using NaN3 in NMP solvent. The compound [5] was then protected with TBMSCl to afford [6]. The compound [6] was subjected to enzymatic reduction using Daucus carota root in aqueous medium which produced the (R)-azidoalcohol [7]. The compound [7] was smoothly reduced into amino alcohol [8] in the presence of Pd/C in MeOH under hydrogen atmosphere at room temperature. The amino alcohol [8], condensed with 3,4-dimethoxy- phenylacetyl chloride [9] in the presence of aq. NaOH to get the hydroxy amide [10]. Then the hydroxy amide [10] was reduced with BH3 in THF at 50?C, followed by deprotection of silyl group with KF/MeOH, to result in the formation of denopamine [1] in good yield, with excellent enantiomeric excess. The compound structure was confirmed by 1HNMR, IR and HRMS spectral analysis. The specific rotation of 1 was in good agreement with that reported in the literature. Section-B: Asymmetric synthesis of (R)-(-)-tembamide and (R)-(-)-aegeline, hypoglycemic agents. Diabetes mellitus encompasses several diseases characterized by chronic hyperglycemia with disturbances in fat, carbohydrate and protein metabolism due to the abnormal insulin secretion and action. According to World Health Organization (WHO) prediction, there are 154.4 million people suffuring from diabetes and it will be increased to 300 million by the year 2005.13 Diabetes mellitus may be categorized into two sub classes: Type-I : Insulin dependent diabetes mellitus (IDDM) Type-II : Non-insulin dependent diabetes mellitus (NIDDM) is chronic disease and accounts for 90% of diabets mellitus. Several classes of hypoglycemic agents are found to be effective to treat the hyperglycemia. Among many bioactive molecules, naturally occurring hydroxy amides (R)-tembamide 1 and (R)-aegeline 2 were isolated from various members of the Rutaceae family and these compounds have shown good hypoglycemic activity.14 
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First, the azido ketone [3] was subjected to enzymatic reduction with Daucus carota in aqueous medium in order to afford (R)-azido alcohol [4]. The compound [4] was then reduced over Pd/C, in MeOH under hydrogen atmosphere to give the corresponding amino alcohol [5] in quantitative yield. Acylation of [5] with benzoyl chloride [6] in the presence of aq. NaOH gave the (R)-tembamide [1] in 92% yield and when [5] was treated with trans-cinnamoyl chloride [7] gave (R)-aegeline [2] in 90% yield. The structures of these products were confirmed by 1HNMR, Mass, IR spectra and CHN analysis. The absolute configuation was confirmed by comparing their optical rotations with the reported values. Section-C: First chemoenzymatic route for the synthesis of (R) and (S)-(E)-1-Aminotridec-4-en-2-ols, antifugal agents. For the past two decades, the number of life-threatening fungal infections15 have been increased significantly world wide due to number of cancer patients, organ transplantation patients and AIDS patients with permenently immuno compromisation. Among the various fungal species, Candida albicans species represents a major cause for 90% of fungal infections in HIV infected patients. Recent studies on the development of flucanazole resistance16 in Candida albicans after longer exposure to the azoles are well documented for AIDS patients. Hence, the discovery of new and potent anti fungal agents remains as an important challenge to scientific community. In view of search for the novel anti fungal agents, Molinski group, isolated the long chain amino alcohols from the ascidian Didemnium species collected from the Great Barrier Reef, Australia in 1994.17 These amino alcohols showed significant anti fungal activity against Candida albicans. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a56_figureNO17.jpg" \t "_blank​) Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a56_figureNO18.jpg" \t "_blank​) 
1-Decyne [3] was treated with epichlorohydrin in the presence of BuLi, BF3.OEt2 in THF solvent at -78?C which afforded the compound acetylene chloro alcohol [4] in 85% yield. Then the compound [4] was treated with KOH in THF at room temperature which gave the epoxide [5]. Compound [5] was subjected to azidolysis with NaN3 in the presence of NH4Cl in MeOH. H2O (8:2) gave the corresponding azido alcohol [6] in quantitative yield. The racemic azido alcohol [6] was subjected to kinetic resolution with Pseudomonas lypase in the presence of vinyl acetate in di-isopropyl ether which afforded the (R)-azido alcohol [7a] and transesterified (S)-azido acetate [7b] with excellent enantiomeric excess (99%). The ee of these products were determined by chiral HPLC analysis. The (R)-azido alchol was reduced to (R)-amino alcohol [8a] using lithium aluminium hydride in THF at 0?C to room temperature. The (R)-amino alcohol [8a] which was then protected with (Boc)2/TEA in THF solvent, gave N-Boc protected amino alcohol [9a]. To get the trans double bond from triple bond, [9a] was then subjected to Li/NH3 reduction at -33?C, afforded to give the corresponding (R)-(E)-1-(NBoc-amino)tridec-4-en-2-ol [1b], as depicted in the Schemes (1 and 2). Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a56_figureNO19.jpg" \t "_blank​) 
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The structure of compound [1c] was confirmed by 1H NMR, 13C NMR, IR and Mass spectral analysis. The absolute configuration was determined by measuring the specific rotation and compared with the authentic sample, which was prepared from optically active (R)-epichlorohydrin and 1-decyne. Similarly the other (S)-isomer [1d] was synthesized from its (S)-azido acetate [7b], was deacylated with K2CO3 in MeOH at 0?C to give rise to the (S)-azido alcohol [7c]. The (S)-azido alcohol was subjected to similar conditions as described in (R)-isomer synthesis to give the required (S)-1-(N-Boc)-Amino tridec-4-en-2ol [1d] as depicted in the Scheme-3. 
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